The impact of expiration of derivatives contracts on the underlying cash market -on trading volumes, returns and volatility of returns -has been studied in various contexts. We use an AR-GARCH model to analyse the impact of expiration of derivatives contracts on the cash market at the largest stock exchange in India, an important emerging capital market. Our results indicate that trading volumes were significantly higher on expiration days and during the five days leading up to expiration days ("expiration weeks"), compared with nonexpiration days (weeks). We also find significant expiration day effects on daily returns to the market index, and on the volatility of these returns. Finally, our analysis indicates that it might be prudent to undertake analysis of expiration day effects (or other events) using methodologies that model the underlying data generating process, rather than depend on comparison of mean and median alone.
Introduction
Even though the 1987 stock market crash in the United States was not attributed to futures and options trading per se, there was some concern among regulators that programme trading and index arbitrage that link the derivatives and cash markets to each other may have exacerbated the crisis (Edwards and Ma, 1992, Chapter 11) . By its very nature, arbitrage between the cash and (especially) futures markets require investors to unwind positions in the latter market on the day of expiration of contracts, in order to realise arbitrage profits. The consequent increase in the number of large buy and sell orders, and the temporary mismatch between these orders, can significant affect prices and volatility in the underlying cash market. Not surprisingly, regulators around the world have responded with a number of measures aimed at reducing price volatility on account of the so-called expiration effect of index derivatives.
The importance of expiration day effects on the cash market to regulators has, in turn, generated interest on such effects within the research community. As a consequence, the impact of expiration of futures and options contracts on the underlying cash market has been examined in a number of contexts: Australia (Stoll and Whaley, 1997) , Canada (Chamberlin, Cheung and Kwan (1989) , Germany (Schlag, 1996) , Hong Kong (Bollen and Whaley, 1999; Kan, 2001, Chow, Yung and Zhang, 2003) , Japan (Karolyi, 1996) , Norway (Swidler, Schwartz and Kristiansen, 1994) , Spain (Corredor, Lechon and Santamaria, 2001) , Sweden (Alkeback and Hagelin, 2004) , the United Kingdom (Pope and Yadav, 1992) , and the United States of America Whaley, 1987, 1991; Hancock, 1993; Chen and Williams, 1994) . The nature of the impact of expiration of derivatives on underlying cash prices remains an open question. For example, while Kan (2001) does not observe significant price volatility and price reversal in Hong Kong, in the same market, Chow, Yung and Zhang (2003) observe a negative price effect and some return volatility of cash prices on account of expiration day effects. Similarly, while Chen and Williams (1994) found no effect of expiration on mean returns and volatility of the underlying asset prices in the cash market, Chamberlin, Cheung and Kwan (1989) found significant impact of derivatives contract expiration on both mean returns and volatility. 3 6 7 6 3 3 6 8 5 1 3 6 9 3 7 3 7 0 2 7 3 7 1 1 1 3 7 2 0 1 3 7 2 9 1 3 7 3 7 8 3 7 4 6 2 3 7 5 5 2 3 7 6 4 1 3 7 7 2 8 3 7 8 1 6 3 7 9 0 2 3 7 9 8 6 3 8 0 7 5 3 8 1 6 1 3 8 2 4 5 3 8 3 3 4 3 8 4 2 0 3 8 5 0 6 3 8 5 9 3 3 8 6 8 2 3 8 7 7 0 3 8 8 
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Note: 2006-07 figures correspond to the first two quarters, i.e., April-September. In this paper, we examine the expiration day effects of derivatives at the National Stock Exchange (NSE) in India. The Indian stock market has grown rapidly since its liberalisation in the early 1990s.
Turnover in NSE derivatives market (INR)
Since its inception in 1994, the market capitalisation at the NSE has grown by 828 percent; growth since the turn of the century has been 412 percent. The growth in the derivatives segment of the exchange, which was introduced in June 2000, has kept pace with the growth in the cash market. (ii) If the contract is not traded in the last half an hour, but traded during any time of the day, then the closing price will be the last traded price (LTP) of the contract. (iii) If the contract is not traded for the day, the base price of the contract for the next trading day shall be the theoretical price of the options contract arrived at based on Black-Scholes model of calculation of options premiums. Vipul (2005) uses data on 14 equity shares to examine expiration day effects in the Indian stock market. The underlying stocks are selected in a manner that reflected a range of different liquidities for the associated derivative products; the ratio of turnover in the derivatives market to turnover in the underlying cash market ranged from 55 percent to 344 percent. Thereafter, the price, volatility and volume of the underlying shares in the cash segment of the exchange 1 day prior to expiration (of derivatives contracts), on the day of expiration and 1 day after expiration are compared with the corresponding values of these variables 1 week and 2 weeks prior to the expiration days, using the Wilcoxon matched-pairs signed-rank test. The study concludes that prices in the cash market are somewhat depressed a day before the expiration of the derivatives contracts, and they strengthen significantly the day after the expiration. However, for most of the shares, this does not tantamount to price reversals. Finally, volumes are higher on expiration days than on the benchmark non-expiration days.
We extend and improve upon the aforementioned research on expiration day effects in India in the following two ways: First, we examine the expiration effects on the market index as opposed to prices of individual stocks. This allows us to mitigate problems that might arise on account of information that affect prices of individual stocks much more than a broader market index. Also, broad market indices are much less likely to be affected by liquidity effects than prices of individual stocks. Further, as evident from Figure 3 , the turnover in the index derivatives markets is much greater than that in the market for derivatives products associated with individual stocks, and therefore expiration day effects is likely to be much more prominent for market indices than for individual stocks. Second, we use generalised autoregressive conditional heteroskedasticity (GARCH) models to jointly model the data generating process underlying the mean and variance of returns in the cash market over an extended time period, thereby taking a more sophisticated approach to capturing the expiration day effect than comparison of measures of central tendency and dispersion.
Our results indicate that trading volumes were significantly higher on expiration days and during the five days leading up to expiration days ("expiration weeks"), compared with non-expiration days (weeks). We also find significant expiration day effects on daily returns to the market index, and on the volatility of these returns. Finally, our analysis indicates that it might be prudent to undertake analysis of expiration day effects (or other events) using methodologies that model the underlying data generating process, rather than depend on comparison of mean and median alone.
The rest of the paper is as follows: In Section 2, we describe the data, and perform some basic tests for expiration day effects. In Section 3, we discuss the GARCH models and the associated coefficient estimates. Section 4 concludes.
Data and initial results
For our analysis, we use daily data for the market index for NSE -the "Nifty" -for the Expiration "week" refers to the 5 consecutive trading days that end on the day of expiration of the contract. ***, ** and * indicate significance at the 1%, 5% and 10% levels, respectively.
The (positive) impact of the expiration day effect on the volume of trading in the underlying cash market, measured in terms of the number of shares traded, is further evident from the results reported in Panel A of Table 2 . Our measure of the growth rate of volumes is the difference between the natural logarithm of the volume on a given trading day and the volume on the previous trading day.
We report the mean growth rate of volumes for expiration and non-expiration days, as well as the mean growth rate of volumes for the expiration and non-expiration weeks. 1 An "expiration week" in our sample corresponds to five days of trading ending on an expiration day. Hence, if there are n expiration days in the time period under consideration, the sample for expiration weeks would have 5n observations. Correspondingly, the sample for non-expiration weeks has 4n fewer observations than the sample for non-expiration days.
2 Jarque-Bera test statistics, not reported in the paper, indicate that the distributions of these growth rates are non-normal for expiration days and weeks, as well as for non-expiration days and weeks, and hence we use the t-test for testing equality of means and variances. The equality of medians was tested using the aforementioned Wilcoxon test.
We repeat the exercise for both the full sample period (June 2000 -September 2006), as well as the sub-sample during which FIIs were active participants in the Indian equity derivatives market (February 2002 -September 2006 . It can be seen that, by and large, the aforementioned null hypotheses were rejected, indicating that the volume of trade in the cash market is affected by expiration of equity futures and options contracts. Specifically, the volumes of trade on expiration days (weeks) were significantly higher than the volumes observed on non-expiration days (weeks).
Next, we undertake a similar exercise for the returns on the Nifty index, and the results are reported in Panel B of Table 2 . Our measure of the returns for a given trading day is the difference between the natural logarithm of the value of the Nifty on that day and the natural logarithm of the value of the index on the previous trading day. The mean returns for the expiration non-expiration days, as well those for the expiration and non-expiration weeks are reported in the table. In addition, we report the variance of the return during expiration and non-expiration days and weeks. Once again, we test for equality between means and variances of returns on expiration days (weeks) using the t-test, given that the distributions of returns are non-normal, for both the entire sample period and the sub-period during which FIIs were active participants. Specifically, we test the following hypotheses:
[a2] mean (median) return on expiration days = mean (median) return on non-expiration days It can be seen that we can reject null hypothesis [c2], but not the others. In other words, while the difference in mean (median) returns for expiration days (weeks) and non-expiration days (weeks) are not statistically significant, the volatility of returns decreases significantly on the expiration days.
Expiration day effects and price reversals
Our simple (unconditional) descriptive statistics suggest that there are expiration day effects on the volatility of returns, but that there is no such effect on the returns themselves. In this section, we pursue a more careful examination of the likely impact of derivatives contracts expiration on returns to a market portfolio. In addition, we aim to identify not only the impact of these contracts on the returns on the expiration day itself, but also the average trend in returns on the day after the expiration of the derivatives contracts. Price reversals can occur if the expiration day effect results in a significant divergence between the trend in returns and the actual returns observed on the expiration days, thereby necessitating reversal to the trend on the day after the expiration of the derivatives contracts. They have been examined in several other contexts (Stoll and Whaley, 1987; Alkeback and Hagelin, 2004; Vipul, 2005) , and there are mixed evidence in the literature about such reversals.
To begin with, we hypothesise that the returns to the market portfolio are the outcome of a data generating process that is best captured by a ARIMA(p, n, q), which reduces to a ARMA(p, q) process since the augmented Dickey-Fuller test indicates that the returns series are I(0). 3 We experiment with various values of p and q, and the Ljung-Box statistics associated with the residuals of the various ARMA(p, q) models, as well as the information criteria associated with the models themselves indicate that a AR(4) model best fits the data. 4 The choice of the best-fit model using information criteria is consistent with the views summarised in de Gooijer et al. (1985) and Granger, King and White (1995) .
An examination of the errors of the residuals of the AR(4) model indicates that our data have ARCH effects. To begin with, the unconditional error terms associated with the AR(4) model are non-normal, with a high value of 2158.8 for the Jarque-Bera statistics which rejects the null hypothesis of normality at the 1 percent level, and have large kurtosis (8.55). The Ljung-Box squared statistic has the value 661.9 that rejects the null hypothesis of conditional homoskedasticity at the 1 percent level.
Finally, we use the ARCH-LM test whereby we first estimate the model
when ε is the error term from the AR (4) statistic is 148.5 and it rejects the null hypothesis of no ARCH effects at the 1 percent level. We, therefore, extend our AR(4) model to take into consideration these ARCH effects.
The ARCH model, first proposed by Engle (1982) , is characterised by the following model:
when equation [2] is our now familiar AR(4) model, h t is the conditional variance of the error term, and v t is an iid term that has a standard normal distribution with zero mean and a variance of one. Bollerslev (1986) (1) and a GARCH(1, 1) models. However, in principle, ARCH(x) and GARCH(x, y) models can be of higher orders, i.e., x > 1 and y > 1. The choice between AR(x) and GARCH(x, y) models can be made on the basis of information criteria.
Typically, a GARCH(1, 1) is found to be a reasonable generalisation of higher order ARCH(x) models.
We further extend the above (G)ARCH model to account for possible expiration day effects and price reversals on the day(s) after. The extended model is given by 
when XPD is a dummy variable that takes the value 1 for all expiration days and is zero otherwise, while NXTD is a dummy variable that takes the value 1 for all days that immediately follow expiration days and is zero otherwise. We experiment with various values of x and y, as also with variation of the GARCH model that assumes a t-distribution for v t , thereby generating a measure of platykurtosis of the data (Bollerslev, 1987 
when S -is a dummy variable that takes the value 1 when u t < 0 (Glosten, Jagannathan and Runkle, 1992 The regression results associated with the best-fit models are reported in Table 3 . Panel A of Table 3 reports the coefficient estimates for the AR ( 
Concluding remarks
Our results indicate that there is significant expiration day effect in India. To begin with, the volume of trading is higher on expiration days than on non-expiration days. Both the mean and volatility of the returns to the market index at the National Stock Exchange were significantly different on expiration days, compared with other days. These results are consistent with those of Vipul (2005) . However, unlike Vipul, we do not find evidence of price reversals following the expiration day. In other words, either the price reversal takes place on the expiration days themselves, 5 or the magnitudes of the changes in the aforementioned mean and volatility on account of expiration of the derivatives contracts were not so large as to necessitate a correction on the following day.
Our analysis also suggests that it might be useful to undertake an analysis of expiration day effects (and other events) using an approach that models the underlying data generating process, rather than depend on comparison of means and medians alone. In our analysis, for example, comparison of mean (median) returns for expiration days and non-expiration days did not indicate that these measures of central tendency were significantly different for the two samples. However, a more careful analysis using an AR-GARCH model revealed the presence of a statistically significant impact of expiration of derivatives contracts on both mean and variance of daily returns. 
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